Developmental patterns in the regulation of chloride homeostasis and GABA(A) receptor signaling by seizures.
GABA(A) receptors have dual functions during development. They depolarize immature neurons but hyperpolarize more mature neurons. This functional switch has been attributed to age-related differences in the relative abundance of cation chloride cotransporters, such as KCC2 and NKCC1, which regulate chloride homeostasis. Certain insults, such as trauma, ischemia, and seizures, if they occur when GABA(A)ergic signaling is hyperpolarizing, such as in the adult brain, can lead to reappearance of the immature, depolarizing synaptic responses to GABA(A) receptor activation. In certain cases, this has been associated with either reduced expression of KCC2 or increase in NKCC1. In epilepsy, the depolarizing effects of GABA(A) receptors have been proposed to be important for the acquisition and/or maintenance of the epileptic state. Using the kainic acid model of status epilepticus, we have studied the effects of repetitive neonatal episodes of status epilepticus on the expression of cation chloride cotransporter KCC2 in the neonatal hippocampus. In contrast to adults, seizures increased KCC2 mRNA expression in the CA3 region of the neonatal hippocampus. The contrasting patterns of regulation of KCC2 by seizures in mature and immature neurons may be one of the age-related factors that protect the neonatal brain against the development of epilepsy.